sterols, proteoglycans, cyclophellitol, furan derivatives, hispidin and hispolon, and their biological activities have been verified in vitro and in vivo. [13] [14] [15] [16] However, there is little information on compounds of the mycelium of P. linteus, with the exception of polysaccharides.
In searching for novel HNE-inhibitors from higher fungi, we found that the 70% EtOH extract of the mycelium of P. linteus had considerable HNE-inhibitory activity (IC 50 ¼ 9.02 mg ml À1 ). To search for active compounds from the mycelium of P. linteus, its extract was systematically divided into two solvent fractions (CHCl 3 -and n-BuOH soluble), and their HNE-inhibition was evaluated. The CHCl 3 -soluble fraction exhibited significant HNE-inhibition, with an IC 50 of 5.18 mg ml À1 . Further phytochemical studies of this fraction resulted in the isolation of a new ergosterol derivative, (22E,24R)-ergosta-7,22-dien-2a,3a,9a-triol (1) together with 14 known compounds (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (Figure 1 ). This report describes the isolation and structural elucidation of these ergosterol derivatives, as well as the characterization of their inhibitory effects on HNE and some interesting structural requirements for their activity.
Freeze-dried mycelial culture of P. linteus (5 kg, supplied by HanKook Sin Yak Pharm., Nonsan, Korea) was extracted with 70% EtOH (3 Â 10 l) at room temperature for 7 days, filtered and concentrated to yield a 70% EtOH extract (420 g). This extract was suspended in H 2 O (4 l) and then partitioned successively with CHCl 3 (3 Â 4 l) and n-BuOH (3 Â 4 l) to afford CHCl 3 -and n-BuOH-soluble fractions (200 and 85 g, respectively). The CHCl 3 -soluble fraction, which significantly inhibited HNE, was subjected to chromatography on a silica gel column (80 Â 12 cm 2 ). Elution with a gradient solvent system consisting of CHCl 3 -MeOH (100 : 1-1 : 1) yielded five fractions (A-E). Fraction A (7 g) was applied to a silica gel column (60 Â 6.5 cm 2 ), and eluted with a hexane-acetone gradient (50 : 1-20 : 1), yielding 2 (1050 mg). Fraction C (15 g) was applied to the same silica gel column and eluted using a hexane-acetone gradient (5 : 1-0 : 1), yielding five subfractions (C1-C5). Subfractions C2 and C5 (4 and 3 g, respectively) were then separately chromatographed on a YMC RP-18 column (50 Â 3.5 cm 2 , YMC, Tokyo, Japan). Elution of C2 with a MeOH-H 2 O gradient (5 : 1-7 : 1) yielded 3 (200 mg), 4 (20 mg), 5 (7 mg), 6 (5 mg) and 7 (10 mg). Elution of C5 with a MeOH-H 2 O gradient (4 : 1-6 : 1) yielded 8 (26 mg), 9 (15 mg) and 10 (17 mg). Chromatography of fraction D (17 g) on the silica gel column (60 Â 6.5 cm 2 ) with a gradient solvent system of hexaneacetone (9 : 1-7 : 3) yielded six subfractions (D1-D6). Subfraction D3 (1.5 g) was further purified on a YMC RP-18 column (50 Â 3.5 cm 2 ) and eluted with a MeOH-H 2 O gradient (5 : 1-6 : 1), yielding 11 (3 mg), 12 (4 mg) and 13 (7 mg). Compound 14 (12 mg) was isolated from subfraction D5 (0.5 g), using a YMC RP-18 column (50 Â 3.5 cm 2 ) eluted with a MeOH-H 2 O gradient (4 : 1-5 : 1). Fraction E (7 g) was applied to a silica gel column (60 Â 6.5 cm 2 ) eluted with a hexane-acetone gradient (7 : 1-1 : 1), yielding three subfractions (E1-E3). Subfraction E2 (0.5 g) was subjected to further chromatography on a YMC RP-18 column and eluted with a MeOH- 8) . In addition, the 1 H and 13 C NMR data of 1 were similar to those of 15, indicating that the three hydroxy groups of 1 are located at rings A and B, which was supported by analysis of the 2D NMR spectra. The 1 H-1 H COSY correlations between H 2 /H 3 / H 4 as well as the long range 1 H-13 C coupling (HMBC) observed between H-2/C-1 and C-3, H-3/C-2, C-4 and C-5, and H-7/C-6, C-8 and C-9 confirmed the positions of three hydroxy groups to be at C-2, C-3 and C-9, respectively (Figure 2a Figure 2b ). The stereochemistry of the side chain was determined by comparison of the 1 H and 13 C NMR data of 1 with those of a (22E,24R)-methyl-D 22 -sterol side chain. 19 On the basis of the above data, the structure of 1 was established as (22E,24R)-ergosta-7,22-dien-2a,3a,9a-triol.
In addition, 14 known compounds were identified as ergosterol (2), 20 ergosterol peroxide (3), 20 ergosterol peroxide glycoside (4), 21 5a,6a-epoxy-ergosta-8(14),22-dien-3b,7a-diol (5), 20 5a,6a-epoxyergosta-8(9),22-dien-7-on-3b-ol (6), 22 5a,6a;8a,9a-diepoxy-ergost-22-en-3b,7a-diol (7), 23 3b-hydroxy-ergosta-7,22-dien-6-one (8), 24 3b,5a-dihydroxy-ergosta-7,22-dien-6-one (9), 24 3b,5a,9a-triydroxyergosta-7,22-dien-6-one (10), 21 14a-hydroxy-ergosta-4,7,9(11),22-tetraen-3,6-dione (11), 24 ergosta-4,7,22-trien-3,6-dione (12), 25 3b,5a-dihydroxy-6b-methoxyergosta-7,22-diene (13), 26 ergosta-7,22-dien-3b,5a,6b-triol (14) 26 and ergosta-7,22-dien-2b,3a,9a-triol (15) 18 by comparing their physicochemical and spectral data to those in the literature.
The inhibitory activity of the isolated compounds 1-15 on HNE in vitro was evaluated according to a previously described procedure. 27 Briefly, 100 ml reactions containing 10 mM Tris-HCl buffer (pH 7.5), 1.4 mM MeO-Suc-Ala-Ala-Pro-Val-p-nitroanilide, 0.18 U HNE (EC 3.4.21.37, from Serva, Heidelberg, Germany) and various concentrations of sample were incubated in the wells of a 96-well plate for 2 h at 37 1C in the dark. Each reaction was stopped by the addition of 100 ml soybean trypsin inhibitor (0.2 mg ml À1 ), and the absorbance at 405 nm was immediately measured using a microplate reader. Epigallocatechin gallate (EGCG) was used as a positive control, and the results are presented in Table 1 . Of the compounds tested, 3b,5a-dihydroxy-6b-methoxyergosta-7,22-diene (13) exhibited the strongest HNE-inhibitory activity with an IC 50 value of 14.6 ± 0.8 mM, comparable to that of EGCG (IC 50 ¼ 12.5 ± 0.5 mM). Ergosta-7,22-dien-3b,5a,6b-triol (14) , which differs from 13 only in the substituent on C-6, also showed HNE inhibitory activity, albeit five times less potent than that of 13. In addition, the sterols (5, 6, and 7) bearing a 5a,6a-epoxy group a b (2) 6 4 . 5 ± 2.5 Ergosterol peroxide (3) 4100 Ergosterol peroxide glycoside (4) 4100 5a,6a-Epoxy-ergosta-8(14),22-diene-3b,7a-diol (5) 2 8 . 2 ± 1.8 5a,6a -Epoxy-ergosta-8(9),22-dien-7-on-3b-ol (6) 7 5 . 1 ± 3.2 5a,6a;8a,9a -Diepoxy-ergost-22-en-3b,7a-diol (7) 3 5 . 2 ± 1.5 3b-Hydroxy-ergosta-7,22-dien-6-one (8) 4100 3b,5a-Dihydroxy-ergosta-7,22-dien-6-one (9) 4100 3b,5a,9a-Trihydroxy-ergosta-7,22-dien-6-one (10) 4100 14a-Hydroxy-ergosta-4,7,9(11),22-tetraen-3,6-dione (11) 2 0 . 5 ± 1.7 Ergosta-4,7,22-trien-3,6-dione (12) 5 5 . 2 ±2.1 3b,5a-Dihydroxy-6b-methoxyergosta-7,22-diene (13) 1 4 . 6 ± 0.8 Ergosta-7,22-dien-3b,5a,6b,9a-tetraol (14) 7 7 . In contrast, the sterols (9 and 10) that contain 5-OH and 6-oxo groups exhibited no activity (IC 50 4100 mM). Those sterols (11 and 12) that contain a 3-oxo group, exhibited considerable HNE-inhibitory activity with IC 50 values of 20.5 ± 1.7 and 55.2 ± 2.1 mM, respectively; whereas 8, 9 and 10, with a 6-oxo group, displayed weak activity even at the highest concentration tested. These results suggest that the presence of a dihydroxy or epoxy group between C-5 and C-6 in this type of sterol appears to be necessary for effective HNE inhibition; substitution of the 5-OH and/ or 6-OH group by a methyl seems to enhance activity. The position of an oxo-group in this sterol nucleus also affects the activity; the presence of an oxo-group at C-3 is considered more effective than at the C-6 position. On the basis of the above result, 13 was chosen for further investigation to examine the HNE-inhibitory behavior. A kinetic study was carried out in the same reaction medium in the presence of 0, 25 or 50 mM of 13 at substrate concentrations ranging from 0.25 to 1 mM. Reactions were started by adding diluted substrate and were recorded over 10 min. The V max and K m were estimated according to Eisenthal and Cornish-Bowden. 28 Under the experimental conditions used in this study, the oxidation of HNE by 13 followed MichaelisMenten kinetics. As shown by the Lineweaver-Burk plot in Figure 3 , the values of V max remained the same and the values of K m increased with increasing the concentration of 13, which indicated that 13 inhibited HNE in a competitive manner.
Ergostane-type sterols have been reported to exhibit a number of biological activities including anti-HIV, 29 anti-inflammatory 30 and anticancer properties. 20 However, to the best of our knowledge, their HNE-inhibitory properties and some interesting structural requirements for this activity are reported here for the first time. Our results suggest that the mycelium of P. linteus and its components may represent effective agents for preventing skin aging.
